In this issue, Inomata et al. (2008) report that the scaffold protein Olfactomedin 1 (ONT1) recruits the Tolloid proteases to their substrate Chordin, an antagonist of bone morphogenetic proteins (BMPs), during development of the frog embryo. Consequently, ONT1 expression in the organizer of the late gastrula stabilizes the gradient of BMP signaling that is essential for dorsoventral patterning.
Signaling by bone morphogenetic proteins (BMPs) regulates cell fate in many contexts and as with other potent signals, the activity of BMPs is modulated at many levels. The frog Xenopus has proven fertile ground for uncovering elements of this regulation because dorsoventral patterning of the gastrulating embryo is exquisitely sensitive to the output of BMP signaling. Extracellular antagonists that prevent binding to BMP receptors are a particularly prominent form of BMP regulation. The antagonists Chordin, Follistatin, Noggin, Xnr3, and Cerberus are all locally expressed in Spemann's organizer (the dorsal region of the gastrula critical for dorsoventral patterning). The expression of these antagonists is essential to prevent BMPs, which are ubiquitously expressed, from suppressing dorsal differentiation (Khokha et al., 2005 ; Figure  1 ). Among these antagonists, Chordin is subject to further regulation by Tolloid family proteases (Little and Mullins, 2006) . When Tolloid protease activity is inhibited, for example by expression of dominant-negative proteases, Chordin becomes stabilized, BMP signaling is blocked, and the frog embryo exhibits ectopic dorsal development (Piccolo et al., 1997; Blitz et al., 2000; Reversade and De Robertis, 2005) .
A new player in Chordin regulation is described in this issue of Cell by Inomata et al. (2008) . This latest insight comes from the study of a family of Olfactomedin-related genes that has been extensively described but so far has not been characterized biochemically. Through Bone morphogenetic proteins (BMPs) are essential regulators of vertebrate development. Chordin, Follistatin, Noggin, Xnr3, and Cerberus are BMP antagonists that are important for tuning BMP signaling and are expressed in the organizer on the dorsal side of the embryo. Chordin is itself regulated through degradation by the Tolloid proteases that are brought into its proximity by the scaffold protein ONT1 (Inomata et al., 2008) . The BMP antagonist twisted gastrulation (Tsg in Xenopus and Drosophila and twsg1 in mice) cooperates with Chordin to block BMP activity and is ubiquitously expressed. Among the BMPs, antidorsalizing morphogenetic protein (ADMP) is specific to the dorsal side of the embryo and is induced by low BMP concentrations, whereas the other BMPs are still present in the organizer but are more generally expressed. ONT1 is expressed ubiquitously at first but becomes progressively localized to the organizer region; Tolloid-related genes (Tll) are ubiquitously expressed. BMP4 is localized specifically to the ventral side at the mid-gastrula stage. Tsg also interacts with Chordin and BMP complexes to promote Chordin degradation and to liberate BMP, although in Xenopus the BMP antagonist role illustrated for the dorsal side predominates. The negative feedback components of BMP signaling include Sizzled, which binds to Xolloid-related proteases and prevents Chordin degradation. BAMBI is a decoy BMP receptor expressed in response to BMPs. ent from a protein with enzymatic activity. For example, when the abundance of the scaffold protein is increased, the substrate and enzyme that bind to it may be separated on different scaffold subunits, so that the net enzymatic activity goes down. In the embryo, ONT1 abundance is tuned to provide a near optimal activity. Indeed, knockdown causes a reduction of Tolloid protease activity and a dorsal phenotype due to excess Chordin production and a dramatic hypersensitivity to additional Chordin. Increased expression of ONT1 protein also causes excess Chordin, presumably by separating the Tolloid-like enzyme from its substrate. Excess ONT1 can rescue the BMP-promoting effects of increased Tolloid protease, presumably by segregating the protease from the Chordin substrate (Inomata et al., 2008) .
ONT1 is a member of a large class of secreted proteins related to Olfactomedin, an extracellular protein expressed in the olfactory epithelium. In previous work, Sasai and coworkers conducted a functional screen for genes that encode proteins with signal sequences. They identified tiarin, a gene encoding a protein with an Olfactomedin domain and that is expressed at the border of the neural plate. The properties of this protein were consistent with it having a role in BMP signaling, but it did not fit simply into a pro-or an anti-BMP category. Motivated by this and the discovery of another Olfactomedin family member that affects neural crest development, Noelin, the authors cloned ONT1, 2, and 3 from different species. Although these three genes are fairly divergent in sequence, they all show strong synteny to the human Olfactomedin Like-3 (OLFML3) gene. They now show that the Olfactomedin domain of ONT1 binds to Chordin, and its coiled-coil domain binds to the Tolloid proteases (Inomata et al., 2008 (Little and Mullins, 2006) .
The expression of ONT1 protein is initially widespread but eventually becomes localized to the organizer region of frog embryos (Figure 1) . The knockdown results illustrate that ONT1 is one part of a remarkably rich system of secreted proteins that desensitize the embryo to excess BMP antagonists on the dorsal side and excess BMPs on the ventral side. On the dorsal side, Chordin is degraded with help from ONT1 and the Tolloid proteases. On the ventral side, BMP-induced Sizzled prevents excessive BMP activity by blocking Chordin degradation. In addition, both BMP2 and the BMP7-like antidorsalizing morphogenetic protein (ADMP) are expressed in the organizer region and dampen excessive activity of the organizer (Reversade and De Robertis, 2005; Little and Mullins, 2006) . Knockdown of ADMP, BMP2, or ONT1 individually leads to excess dorsoanterior development, and knockdown of all three enormously expands dorsal gene expression (Reversade and De Robertis, 2005; Inomata et al., 2008) . As part of the long-range regulation of embryonic patterning, it has been proposed that Chordin and its complexes might diffuse over a long distance in the embryo (Reversade and De Robertis, 2005; Ben-Zvi et al., 2008) , although there is also evidence that Chordin might be a short-range signal at physiological levels (Blitz et al., 2000) .
It has been a long-standing puzzle as to why there are so many genes that regulate BMP activity in the gastrula. The BMPs and their antagonists have been in existence since animals slithered through the primeval ooze, and although some individual genes have been lost in some clades, their presence in the sea anenome shows that the system has been in use since the last common ancestor of the Bilateria (Matus et al., 2006) . Hence, the system has had plenty of opportunity to evolve robustness and fine tuning. At the same time, many of the genes overlap in their function, and even Chordin, which appears to be the primary target of much of this regulation, can be lost and still result in viable offspring in outbred mice (Bachiller et al., 2003) . Although the complex system for Chordin regulation provides robustness to experimental manipulations, the main reason for its conservation in mammals must lie in providing some slight but significant fitness advantage over evolutionary time.
The different players that modulate BMP signaling have been found in a variety of ways, in genetic screens in Drosophila and zebrafish, functional expression screens in Xenopus, or screens for localized transcripts paired with secondary functional tests. Clues to the rich regulation of Chordin initially came from mutations affecting embryonic patterning: twisted gastrulation and tolloid in fly and ogon/sizzled in fish and frog (Little and Mullins, 2006) . How many more regulators remain to be found? It is striking that to date all of the secondary regulation by proteolysis has centered on Chordin, although Follistatin, Noggin, Xnr3, and Cerberus may also be under postsecretion control. The finding of ONT1 as a new regulator of Chordin degradation by the Tolloid metalloproteases illustrates that unexpected mechanisms of regulation are still waiting to be discovered.
